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Recently Jang et aiP reported the observation of 
half- height magnetization steps ("half-steps") in can- 
tilever magnetometry measurements of mesoscopic an- 
nular Sr 2 Ru04 particles. Such magnetization features 
were interpreted as the presence of half-quantum vor- 
tices (HQVspl. In an attempt to examine our findings, 
very recently Cai at el?^ have performed magnetotrans- 
port measurements of micron-size rings fabricated from 
small Si'2Ru04 crystals. While fabrication of such sam- 
ples and subsequent verification of our findings is highly 
desirable, we would like to point out that, at the cur- 
rent state of affairs, the direct comparison is incomplete 
partly due to the fact that the measurements of Ref. 3 
were lacking an important ingredient - the in-plane mag- 
netic field. We would also like to offer clarification on few 
questionable statements made in Ref. [31 

Cai et al. raised a concern that the field periodic- 
ity AH of the magnetic response in our measurements 
disagrees with the apparent geometry of our samples^. 
This concern is unfounded. The criticism of Cai et al. 
is presumably based on the use of the inner hole radius 
to estimate AH. However if the penetration depth A is 
comparable with all relevant dimensions of the sample 
(as is the case in our measurements) a more elaborate 
treatment is needed. To show this we use a model of 
an infinite superconducting cylinder with the inner and 
outer radii i?i and i?2 respectively oriented along the 
fielcM The periodicity of the magnetic response is twice 
as large as the first fluxoid entry field which, for a cylin- 
der of arbitrary dimensions, is given by Eq. (27) of Ref. 6. 
Taking R x = 390 nm, R 2 = 850 nm and A = 200 nm (as 
appropriate for our sample and the temperature of our 
measurements) we obtain AH ps 21 G. Given the irreg- 
ular shape of our samples and uncertainty in the knowl- 
edge of A, this result is in a very reasonable agreement 
with the experimentally observed value of 16 G. 

Since the comparison with an infinite geometry might 
be arguable, we have also performed finite element nu- 
merical analysis on realistic sample geometries with the 
help of commercially available software package COM- 
SOL. We have simulated the field response of our sam- 
ples using Ginzburg-Landau theory with material param- 
eters appropriate for Sr2Ru04 (including out-of-plane 
anisotropy^P. We have found that truncating the cylin- 
der to a slab with a height 300 nm (other parameters as 
quoted above) yields AH = 19.8 G thus confirming our 
earlier conclusions. 

We now point out a crucial difference between the ex- 



perimental setups of Ref s. [T]and |3J which make the direct 
comparison of their results incomplete. In Ref. [T] it was 
found that in the thermodynamic equilibrium half-steps 
appear only in the presence of an in-plane magnetic field 
(magnetic field which lies in the ab-plane of the crystal, 
denoted hereafter as H x ). This field is additional to the 
c-axis field which is responsible for the measured com- 
ponent of magnetizatiorP. The half-steps appear when 
the magnitude of H x exceeds some sample and tempera- 
ture dependent value H x q. Typically values of H x q lie in 
the range 10-100 G. While the origin of the in-plane field 
coupling remains unclear, there d o exi st a few theoretical 
models which could account for KJ2U2I. 

In the magnetotransport measurements of Ref. no in- 
plane field was applied. Given our earlier findings, under 
such conditions signatures of HQVs are not expected to 
appear. Cai et al. motivate their measurement by refer- 
ring to our field sweep data taken at H x =0. At low 
temperatures magnetization measured under such condi- 
tions show significant hysteresis and, occasionally, half- 
height steps. It must be emphasized however that such 
features correspond to metastable states and are unlikely 
to be observed in reversible transport measurements. 




FIG. 1: Magnetoresistance of a superconducting ring close 
to the transition temperature as a function of the applied 
flux for several values of the in-plane field: H x — 0, H x = 
HxO, Hx — 2H x o and H x — 4H x o from the bottom to the 
top. Here H x o is defined as a field below which the HQV 
is thermodynamically unstable. The signatures of the HQVs 
are seen only for H x > H x o and appear as a splitting of the 
magnetoresistance maxima. The curves are offset for clarity. 



To demonstrate this point we calculate the magnetore- 
sistance of a superconducting ring close to the transi- 
tion temperature by adapting a method developed by 
Sochnikov et ali^ to a material which is capable of sup- 
porting HQVs 12 . Results of the calculation are shown on 
Fig. [I] for several values of H x . The signatures of HQV 
appear only when H x > H x q and correspond to the split- 
ting of the magnetoresistance maxima. Contrary to the 
statement made in Ref. 3, in our analysis the appear- 
ance of HQVs in magnetotransport does not break the 



$o periodicity. This statement also holds for equilibrium 
magnetization measurements and is well understood in 
terms of the stability diagram for HQVs and regular vor- 
tices. 

We also note in passing that, because of configura- 
tional entropy, HQVs in the bulk^ or in an assemble of 
connected rings (network arrays)^ might be stabilized 
and hence seen in transport measurements even when 
the stability of a single HQV is not expected. 
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